A total of 2,880 pigs (PIC 327 × L42; initial BW 11.4 lb) were used in a 35-d growth performance trial evaluating the effects of dietary electrolyte balance (dEB) on growth performance of nursery pigs. There were 30 pigs per pen (60 pigs per double-sided feeder) and 12 replications (feeder) per treatment. Pens of pigs were allotted by BW and sex on arrival, and randomly assigned to 1 of 4 dietary treatments. Treatment diets were corn-soybean meal-based with dried whey and other specialty protein sources used in Phase 1 with decreased amounts in Phase 2. Dietary electrolyte balance was determined using the following equation: dEB = ((Na*434.98) + (K*255.74) -(Cl*282.06)) mEq/ kg. Phase 1 diets had dEB's of 84, 137, 190, and 243 mEq/kg. Phase 2 diets had dEB's of 29, 86, 143, and 199 mEq/kg. Limestone was used as the main Ca source in the high dEB diet and was replaced by increasing levels of CaCl 2 to form the other experimental diets. The lowest dEB diets were achieved by adding 1.17% and 1.25% CaCl 2 in Phase 1 and Phase 2, respectively. The highest dEB diets required additions of 0.55 and 0.80% limestone for Phases 1 and 2, respectively. The two intermediate diets were then balanced to have an equal stepwise increase in dEB. Dietary Ca concentrations were maintained in the three highest dEB diets, but increased in the low dEB diet with the increasing level of CaCl 2 . After d 21 of experimental diets, a common Phase 3 diet (Table 3 ) was fed to all pigs and was a typical nursery diet fed in commercial production with a dEB of 257 mEq/kg. From d 0 to 8 (Phase 1), decreasing dEB decreased (quadratic, P < 0.05) ADG, ADFI, and final BW, and worsened (quadratic, P = 0.042) F/G. Likewise, from d 8 to 21 (Phase 2), ADG (quadratic, P = 0.022) and ADFI (linear, P = 0.011) decreased as dEB was decreased, resulting in a worsening of feed efficiency (quadratic, P < 0.001). From d 0 to 21, ADG and ADFI decreased (linear, P < 0.05) as dEB decreased resulting in poorer (quadratic, P < 0.001) F/G. When a common diet was fed from d 21 to 35 (Phase 3), pigs that were previously fed low dEB diets had improved (linear, P < 0.001) ADG and F/G; however, no differences were observed for feed intake. Overall (d 0 to 35), decreasing dEB in nursery diets from d 0 to 21 caused a reduction in ADG and final BW (linear, P < 0.001), which was the result of a tendency for lower ADFI (linear P = 0.077) and poorer feed efficiency (quadratic, P = 0.028). In conclusion, feeding reducing levels of dietary dEB in nursery diets resulted in poorer growth performance of weanling pigs.
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Introduction
Electrolytes are key minerals that can be defined as chemical substances that separate when dissolved in fluids to form positive (cation) and negative (anion) ions. These charged ions produce an electrically conductive solution that serves as a medium for cellular signaling, biochemical reactions, transport of substrates across cellular membranes, and the removal of waste products from the body among others. Biologically, there are seven major electrolytes: (1) Na + ; (2) Of the seven electrolytes, Mongin (1981) 4 determined that the sum of Na + , K + , and Clwere the most influential minerals in contributing to the acid-base status of broilers. Based on these findings, an equation was derived in predicating the net acid intake of set animal referred to as dietary electrolyte balance (dEB = Na + K -Cl mEq/kg). Traditionally, the optimal electrolyte balance in the diet for pigs is reported to be around 250 mEq/kg (NRC, 2012) 5 but limited research exists in this particular area. Recently, Guzmán-Pino et al. (2015) , 6 reported that nursery pigs fed diets with increasing dEB had poorer ADG and F/G when dEB exceeded 150 mEq/kg. These researchers used CaCl 2 to lower the dEB and reported 48.7% improvement in ADG by decreasing dEB from 269 to 16 mEq/kg. Thus, the objective of this study was to determine the influence of dEB on growth performance in nursery pigs.
Procedures
The Kansas State University Institutional Animal Care and Use Committee approved the protocol for this experiment. The experiment was conducted at a commercial nursery in MN. Pigs were housed in pens (6 × 11 ft) that were equipped with double sided, 5-hole, stainless steel dry feeder and one cup waterer for ad libitum access to feed and water. Feed additions were made by a computerized feeding system (FeedPro; Feedlogic Corp., Willmar, MN) that measured feed amounts for each feeder.
A total of 2,880 pigs (PIC 327 × L42; initial BW 11.4 lb) with 30 pigs per pen (60 pigs per feeder) and 12 replications (feeder) per treatment were used in a 35-d trial evaluating the effects of dEB on growth performance of nursery pigs. Pens of pigs were blocked by BW and gender to 1 of 4 treatments in a completely randomized block design. Pigs and feeders were weighed on d 0, 8, 15, 21, and 35 of the trial to determine ADG, ADFI, and F/G. Experimental diets (Tables 1 and 2) were fed in two phases, with the first phase being provided at 3 lb/pig at weaning. The second phase was fed until d 21 post-weaning, when pigs weighed approximately 22 lb. Treatment diets were corn-soybean meal-based with dried whey and other specialty protein sources used in Phase 1 and with decreased amounts in Phase 2.
Dietary electrolyte balance was determined using the following equation: ((Na*434.98) + (K*255.74) -(Cl*282.06)). 4 Phase 1 diets had dEB's of 84, 137, 190 , and 243 mEq/ kg. Phase 2 diets had dEB's of 29, 86, 143, and 199 mEq/kg. Limestone was used as the main Ca source in the high dEB diet and was replaced by increasing levels of CaCl 2 to form the other experimental diets. The lowest dEB diets were achieved by adding 1.17% and 1.25% CaCl 2 in Phase 1 and Phase 2, respectively. The highest dEB diets required additions of 0.55 and 0.80% limestone for Phases 1 and 2, respectively. The two intermediate diets were then balanced to have an equal stepwise increase in dEB. Dietary Ca concentrations were maintained in the three highest dEB diets, but increased in the low dEB diet with the increasing level of CaCl 2 . After d 21, a common Phase 3 diet (Table  3 ) was fed to all pigs and was typical of a standard nursery diet fed in commercial production with a dEB of 257 mEq/kg. Phase 1 diets were fed in pellet form, while Phases 2 and 3 were fed in meal form.
Diet samples were taken from 6 feeders per dietary treatment on each weigh day and combined to form a composite sample within each phase. Samples were then stored at -4°F until further analysis. Samples of the diets were analyzed for DM, CP, crude fat, Na, K, Cl, Ca and P (Ward Laboratory, Kearney, NE). All samples for all assays were analyzed in duplicate and were within 10% error of each other. Following chemical analysis, analyzed values for Na, K, and Cl were used to calculate dEB.
Data were analyzed using the PROC GLIMMIX procedure in SAS (SAS Institute, Inc., Cary, NC) with feeder as the experimental unit. Dietary treatments were the fixed effect and block and room served as the random effect in the model. The effects of increasing dietary dEB on performance criteria were determined by linear and quadratic polynomial contrasts. A P-value ≤ 0.05 was considered significant and 0.05 < P ≤ 0.10 was considered a tendency.
Results and Discussion
Chemical analysis of experimental diets showed that most nutrients were similar to formulated values for Phase 1 diets (Table 4) . Analyzed values for Na and K in Phase 2 diets were consistently higher across dietary treatments; however, Cl levels were lower than formulated values. Although these values varied from formulated values, the range of dEB targeted was ultimately maintained across dietary treatments.
From d 0 to 8 (Phase 1), decreasing dEB decreased (quadratic, P < 0.05) ADG, ADFI, and final BW, and worsened (quadratic, P = 0.042) F/G. Likewise, from d 8 to 21 (Phase 2), ADG (quadratic, P = 0.022) and ADFI (linear, P = 0.011) decreased as dEB was decreased, resulting in a worsening of feed efficiency (quadratic, P < 0.001).
From d 0 to 21, ADG and ADFI decreased (linear, P < 0.05) as dEB decreased resulting in poorer (quadratic, P < 0.001) F/G. When a common diet was fed from d 21 to 35
Swine Day 2016 (Phase 3), pigs that were previously fed low dEB diets had improved (linear, P < 0.001) ADG and F/G; however, no differences were observed for feed intake.
Overall (d 0 to 35), decreasing dEB in nursery diets from d 0 to 21 caused a reduction in ADG and final BW (linear, P < 0.001), which was the result of a tendency for lower ADFI (linear P = 0.077) and poorer feed efficiency (quadratic, P = 0.028).
In conclusion, feeding diets with reduced dEB in nursery diets resulted in poorer growth performance of weanling pigs. A possible explanation for the poorer growth performance observed in the pigs fed low dEB diets could be attributed to the CaCl 2 used to lower dEB. Sensory tests using humans has demonstrated that calcium chloride itself is perceived as bitter and metallic in taste (Lawless et al., 2003; 2004) . 7,8 Yen et al. (1981) 9 found that high dietary CaCl 2 limited intake in pigs through a Cl-induced metabolic acidosis. In addition, a preference trial conducted by Guzmán-Pino et al.
(2015) 6 examining a low (with CaCl 2 ) and high (without CaCl 2 ) dEB diet showed that pigs preferred the high dEB diet. However, when those diets were used in a growth performance trial, performance decreased when pigs were fed levels greater than 150 mEq/ kg of the diet. Personal contact with Guzmán-Pino and Davin indicated that a similar unprotected CaCl 2 source was used in both experiments as well as the same equation in calculating dEB. The reasons for the observed improvement in growth rate and feed intake in their growth performance trial when pigs were fed low dEB diets are unclear. Therefore, further research is needed to understand the reason that Guzmán-Pino et al. (2015) 6 reported improved performance when CaCl 2 was used to lower the dEB of diets, whereas the results of our experiment found the opposite effect. A total of 2,880 pigs (PIC 327 × 1050; initial BW 11.4 lb) with 30 pigs per pen (60 pigs per feeder) and 12 replications per treatment were used in a 35-d growth performance trial. All experimental diets were fed in two phases (d 0 to 8, and d 8 to 21) with a common diet fed from d 21 to 35.
